The impact of income disparity on vulnerability and information collection during the 2011 Thai Flood was examined through a survey investigation. Lower-income respondents were found to have been more likely to be inundated by the flood than higher-income respondents because of the location of their residences, and lower-income respondents whose residences flooded were also less likely to have evacuated. Television was widely used, regardless of income level, but lower-income respondents tended to also utilise lowertechnology modes, such as radios and loudspeakers, in contrast to the Internetbased modes used by higher-income respondents. Lower-income respondents also tended to be less aware of the government hotline; however, those that were aware of it were more likely to find it useful. Overall, while income was a good predictor of people's flood vulnerability, it was not the best predictor for media usage; other demographic characteristics, such as education level and age, should also be considered.
Introduction
The Chao Phraya River Flood (hereafter, the 2011 Thai Flood) was a massive flood event that occurred during the second half of 2011 ( Figure 1 ) and led to extensive and longterm social and economic damages (World Bank, 2011; Komori et al., 2012) . The primary cause of the flood was record rainfall over the Indochina Peninsula from June to September 2011. However, other factors contributed to the flood progress and socio-economic damages, such as incomplete flood control facilities, poor rainfall estimation, lack of flood control measures, and inappropriate land use. These were aggravated by a lack of communication between the Thai national government and the Bangkok metropolitan government, inappropriate disaster countermeasures, and insufficient information dissemination to the general population (Bangkok Post, 2011; MCOT, 2011; The Guardian, 2011; The New York Times, 2011) . More than 800 people died or went missing because of the flood [Department of Disaster Prevention and Mitigation (DDPM) , 2011] , and The World Bank estimated that total losses would reach 1.36 trillion Thai baht (approximately 42 billion US dollars) (World Bank, 2011) . The 2011 Thai Flood thus became the fourth largest natural disaster ever, in terms of economic damages, following the 2011 Great East Japan Earthquake, the 2005 Hurricane Katrina in the United States, and the 1995 Great Hanshin-Awaji Earthquake in Japan (UNISDR, 2009; Iwaki et al., 2011) .
Although the flood inundated an enormous area of Thailand, its effects may not have been felt equally across Thai society. This supposition arises from the definition of vulnerability given by the Organization for Economic Co-operation and Development (OECD), which states that 'the extent to which a community . . . is likely to be damaged or disrupted' by a disaster depends, in part, on the nature of that community (OECD, 2001) . Previous investigations strongly support this theory in demonstrating that as socioeconomic status decreases, vulnerability to the impacts of a disaster increases (Morrow, 1999; Boyce, 2000; Chou et al., 2004) . Furthermore, the reduction of disaster vulnerability has been strongly linked to poverty reduction, particularly in Asia (UNISDR, 2008; UNESCAP and UNISDR, 2010) . In the case of Thailand, wealth distribution is skewed towards a small percentage of the population, with a GINI index of 53.6 as of (Central Intelligence Agency 2014 , and geographically concentrated in the metropolitan area, with the average monthly income in Greater Bangkok twice that of most other regions as of (National Statistical Office, 2011 . Therefore, the unequal distribution of economic resources across Thai society may lead to unequal exposure to disaster risk as well.
Proper provision of information during disaster events can contribute to reducing vulnerability, but access to such information may be similarly affected by socio-economic status. Previous studies that examined the disaster information collection behaviour of disabled people and foreigners unskilled in the local language found that greater attention should be given to populations with unique needs in times of disaster (Spence et al., 2007; Kawasaki et al., 2012b) . However, there is little information on the effect of income disparity on disaster information collection. The gathering of relevant and up-to-date information is essential for decision making in response to a developing disaster situation, and the vulnerability of people with lower socio-economic status may be exacerbated by a lack of timely and proper information. Conversely, appropriate disaster information dissemination may increase the resilience of such disadvantaged groups.
This paper describes and explains the relationship between income disparity and disaster information collection, and the resulting impacts on peoples' vulnerability, using the results of a questionnaire survey conducted after the 2011 Thai Flood. From the analysis results, key points are extracted for understanding how disaster information systems should take socio-economic differences into account, as well as how vulnerability could be reduced through the effective dissemination of disaster information. As income disparity is an issue not only in Thailand, but also in many other countries around the world, the results of this paper may be valuable and applicable beyond the borders of Thailand.
Information dissemination during the flood
A wide variety of government-and citizen-driven activities were carried out for disseminating information during the 2001 Thai Flood. To respond to the intense and extensive damage caused by the flooding, the Flood Relief Operation Center (FROC) was established by the Thai government's DDPM. FROC carried out various emergency response activities, including disseminating flood hazard alerts via television, the radio, and the Internet. FROC also set up a 24-h call centre (hotline) to serve as a connection between the government and the general public. While this hotline provided an opportunity for residents to share their ideas and for the government to clearly communicate its plans, it is unclear whether this service was effective (Kawasaki et al., 2012a) .
Social media and crowd-sourced crisis Web maps linked with social networking services were also utilised during the 2011 Thai Flood. A number of services worked with Twitter and Facebook to enable citizens to input disaster information that they observed, and some government organisations also utilised mashed up web mapping services to provide information through their official websites, as well as creating Twitter feeds and Facebook pages to increase the opportunities for citizens to access information (Kawasaki et al., 2012a; Kodaka et al., 2012) . As a result of the contributions from both government agencies as well as normal citizens, the volume of disaster information available was enormous, but this information may not have been accessible by everyone.
Survey methodology and sample characteristics Survey design and distribution
Data on the vulnerability and information collection of Thai residents during the flood were collected using a questionnaire survey. The survey was designed to clarify respondents' vulnerability, information collection behaviour, and demographics (Table 1) .
The details of the survey and its distribution are summarised in Table 2 . To ensure the quality of the Thai-language survey, a three-step process was carried out. First, an English 
Categorisation by annual income and sample characteristics
Respondents were categorised based on their reported annual income, which was collected using eight brackets following the Thai income tax system, with modifications. To analyse the disaster information collection considering the income disparity in Thailand, the eight brackets were grouped into the four levels of 'very low' , 'low' , 'middle' , and 'high' income. Using this categorisation, 698 valid respondents were extracted, with the breakdowns by annual income bracket and grouped income level shown in Table 3 .
While higher income generally corresponds to a higher level of education, there exists a distinct group for whom this trend does not hold: the higher-education (college, university, or graduate) student. Therefore, their vulnerability and disaster information collection behaviour may differ from other respondents with similarly low economic resources. Considering this exception, respondents who identified themselves as students (with at least a high school degree) were removed from the categorised income groups and placed in a separate group. The resulting five categories (four by income, and one for students) are summarised in Table 4 , and the sample demographics are summarised in Table 5 . Less than 50 000 Baht (less than 1600 USD) 67 9.6 Very low 178 25.5 50 000-100 000 Baht (1600-3200 USD) 111 15.9 100 000-150 000 Baht (3200-4800 USD) 160 22.9 Low 160 22.9 150 000-500 000 Baht (4800-16 000 USD) 269 38.5 Middle 269 38.5 500 000-1 000 000 Baht (16 000-32 000 USD) 68 9.7 High 91 13.0 1 000 000-2 000 000 Baht (32 000-64 000 USD) 13 1.9 2 000 000-4 000 000 Baht (64 000-130 000 USD) 7 1.0 More than 4 000 000 Baht (more than 130 000 USD) 3 0. 
Results and discussion

Flooding and post-flooding evacuation
To understand the vulnerability of the respondents considering income disparity, two factors were examined: first, whether they were affected by the flood, and second, whether they chose to evacuate. The results are shown in Figure 2 . It can be seen that the percentage of respondents whose residences flooded tended to increase with a decrease in income. Furthermore, the tendency to not evacuate also increased as income decreased. The greatest difference for Very low (n = 120) (%) List of provinces included in each region. Greater Bangkok region: Nakhon Pathom, Nonthaburi, Pathum Thani, Samut Prakan, Samut Sakhon. Subcentral region: Ang Thong, Ayutthaya, Chai Nat, Lop Buri, Nakhon Nayok, Saraburi, Sing Buri. 
N=452 (Flooded only)
Evacuated Did not evacuate flooding and evacuation behaviour occurred between the 'very low' and 'middle' respondents, as the results of 'middle' , 'high' , and 'student' respondents were similar. Finally, the chi-square test confirmed that, in both cases, there is a very high likelihood that the examined variables are dependent (P < 0.01 when testing the null hypothesis that the variables are independent). These results showed that lower-income respondents appeared more likely to have been affected by the flood than higher-income respondents. One primary reason why people with lower socio-economic status have higher flood vulnerability may be due to the location of their residences, as these groups must often live in more hazardous areas (Morrow, 1999) . Therefore, as shown in Figure 3 , the relationship between demographic characteristics and location of residence was examined. In this case, multinomial regression was used to evaluate the predictive power of five demographic characteristics (income, education, age, gender, and student) in determining the location of residence. It should also be noted that, for this analysis, only the regions surrounding Bangkok (as well as Bangkok itself) were focused on. The analysis results are given in Table 6 . It can be seen that the lower-income, lower-education, and student respondents were more likely to be living in the Greater Bangkok area than in Bangkok itself; furthermore, lowerincome and lower-education respondents were more likely to be living in the subcentral region than in Bangkok.
Next, it is necessary to confirm whether these areas were actually inundated. Table 7 summarises the ratio of the flood-inundated area to the total regional area for the three selected regions. Although some flooding occurred in the Bangkok Metropolitan area, it can be seen that there was a higher ratio of inundation in the area immediately surrounding the city and that the ratio was slightly lower for the subcentral region. Combining the multiple regression analysis with the data on the actual flood inundation confirmed that respondents of lower socio-economic status were more likely to be living in areas with higher flood inundation.
Among those respondents affected by the flood, it could be seen that lower-income respondents had a higher tendency not to evacuate their homes. Logistic regression analysis was thus carried out to examine the predictive power of income as well as that of the other demographic attributes for the decision to evacuate. Income was found to be the strongest factor and the only highly significant one (Table 8) .
To understand this behaviour, it is necessary to consider three key words: recovery, security, and mobility. Because of their limited economic resources, it is more difficult for lower-income people to recover from flood damage. Therefore, they stand to lose more if they leave their residences, as they cannot easily purchase replacement materials or living supplies once the disaster has abated (Morrow, 1999) . Furthermore, remaining at home is one way of ensuring the Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05. 
Utilised media modes for information collection
To understand how income disparity may have affected information collection behaviour, the media modes utilised by the respondents were examined by income level. As shown in Figure 4 , 'television' was the most-used media mode across all income levels. For 'very low'-income respondents, the second most-used mode after 'television' was 'interpersonal (face-to-face, hotline, etc.)' , followed by 'radio' and 'loudspeaker' . However, for 'high'-income respondents, the second most-used media mode was 'traditional Internet media (websites, information portals, etc.)' followed by 'social media (social networking sites, blogs, etc.)' . In general, a decrease in income level was associated with a decrease in the usage of Internet-based media modes but an increase in the usage of 'loudspeakers' and 'radio' . The average number of utilised modes also decreased with a decrease in income ( Figure 5 ).
Logistic regression was carried out to examine the suitability of the demographic characteristics for predicting media usage. The results are summarised in Table 9 by media mode. For 'television' , the logistic regression model suggests that usage decreases primarily with age and among male respondents. Males are less likely to use 'radio' , and a decrease in income and age corresponds to an increase in the usage of 'loudspeakers' . Among the Internet-based media modes, however, both age and education were strong and highly significant predictors for all modes except 'crisis mapping' . For these modes, the logistic regression models predict that usage decreases with an increase in age and decrease in education.
These analyses revealed marked differences in the utilisation of media modes depending somewhat on income level but more so on other demographic characteristics. First and foremost, television was highly utilised regardless of income level. Investigations after other recent disasters, such as the 2005 Hurricane Katrina and the 2011 Great East Japan Earthquake, have also shown that television remains a critical means for information collection in disaster situations, despite the emergence of online technology (Spence et al., 2007; Kawasaki et al., 2012b) . While the usage of online or 'high' technology was observed to increase as income increased, decreasing age and increasing education were generally found to be better indicators of increased online media usage. Considering that television is limited in its ability to provide detailed and localised information, especially in the case of an extensive disaster such as the 2011 Thai Flood, the results found here suggest that people of higher socioeconomic status were receiving general information via television and turning to the Internet to retrieve more detailed information, such as that specific to their situation or area ( Figure 6 ).
Conversely, it was found that respondents of lower socioeconomic status had a lower tendency to utilise online media. This behaviour may be explained in two ways: first, the respondents did not choose to utilise online media even though they had access to it; or second, they did not have access to online media. In contrast, the usage of 'low' technologies such as radio, loudspeaker, and interpersonal communication generally increased as socio-economic status decreased, although highly significant correlations were found in only a few cases. It is possible that respondents of lower socio-economic status were using 'low'-technology media modes to gather localised information to supplement the general information they were receiving from television ( Figure 6 ). The amount of information people can receive from 'low'-technology media modes is still limited, however, whereas Internet-based media can cover the entire spectrum from the national to local scales. Building a connection between 'low' and 'high' technologies and between 'wide'-and 'local'-scale media modes could improve information dissemination and increase the information resources available to people with lower socio-economic status.
Awareness and usefulness of the government hotline
Although the government provided a call centre (hotline) as part of its efforts to interact with and disseminate information to the general public, it is unclear to what extent people were aware of this hotline and whether it was useful for their information-gathering activities. As part of the objective to clarify disaster information collection behaviour, respondent awareness and evaluation of the government's call centre were examined (Figure 7) . Awareness of the hotline was lowest among the 'very low'-income respondents, with the level of awareness increasing as income level increased. Among respondents who were aware of the call centre, those of lower income tended to find the hotline more useful; its usefulness decreased as income level increased. The chi-square test result again confirmed that the examined variables were highly likely to be dependent (P < 0.01 when testing the null hypothesis that the variables are independent).
As summarised in Tables 10 and 11 , logistic regression was carried out to examine the predictive power of income and other demographic characteristics. For hotline awareness, education level was the strongest predictor of awareness, with an increase in education level leading to an increase in awareness. For usefulness, however, the strongest predictor Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05.
Higher-level technology
Lower-level technology was being a student, with non-students more likely to find the hotline useful. This was not the most significant predictor, as both income and education were also strong and highly significant predictors.
In summary, people of lower socio-economic status were less likely to be aware of the hotline but more likely to find it useful, and a more effective strategy for increasing awareness of the government hotline (and other future government support systems and programs) among disadvantaged groups is necessary. First, television was the most-utilised media mode across all income levels (Figure 4) , so the effectiveness of television as a medium for raising awareness of the government hotline needs to be improved. Furthermore, as previously introduced, people of lower socio-economic status utilised fewer and lower-technology media modes, so they were less likely to discover the hotline, and they also had less access to information, so they subsequently found the hotline more useful. Building a connection between the 'high' and 'low' technologies used for disaster information dissemination, as proposed earlier, may thus be an effective means for increasing awareness of the government's hotline, in addition to increasing access to information.
Connecting vulnerability and information dissemination
People's vulnerability during the 2011 Thai Flood was clearly affected by a combination of geographic location and socioeconomic settlement patterns, particularly in Bangkok and its environs. Considering the socio-economic capacity of Thailand, it is difficult to improve the situation of residences located in areas with higher flood hazard. However, the vulnerability of people with lower socio-economic status may be reduced by timely and proper information provision, as the gathering of relevant and up-to-date information is essential for decision making in response to a developing disaster situation.
In that case, what role might effective dissemination of disaster information play in reducing vulnerability? The Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05. development of community vulnerability maps that combine flood hazard assessment with patterns of community settlement and development could serve as a first step in understanding how to reduce vulnerability in lower socioeconomic areas. Such work was carried out by Cutter et al. (2003) for the development of the Social Vulnerability Index, which provided a 'measure of the overall vulnerability' by geographical area in the United States based on 11 distinct factors. A similar approach could be applied in Thailand to connect flood hazard, demographic factors, and vulnerability. By understanding the distribution of socio-economic characteristics in a given area, not only could disaster information be disseminated considering the localised flood hazard of that area, but it could also be tailored considering the media utilisation patterns of the groups in that area. This could assist the implementation of preparatory strategies to increase access to information during flood events by, for example, increasing the number of loudspeakers in lower socio-economic areas. These loudspeakers could then be utilised to provide localised updates about the flood situation, government support such as food and drinking water distribution, and evacuation warnings -the type of information that would have been useful in lower socio-economic areas where many people chose not to evacuate. In addition, during the 2011 Thai Flood, many people died by drowning or electrocution. Providing alerts to raise awareness and prevent such incidents through appropriate information dissemination during the flood might reduce the occurrence of these accidents. The role of appropriate disaster information dissemination could thus be to reduce the vulnerability of lower socio-economic groups by increasing their resilience.
The unique case represented by students
As explained during the sample categorisation, students represent a unique case in that they generally have low economic resources but high education level; thus, for this analysis they were extracted from the categorised income level groups and formed into a separate group. An examination of the preceding analysis clearly shows that students demonstrated behaviour very different than that of other 'very low'-or 'low'-income respondents; in general, the flood vulnerability and information collection behaviour of students were similar to those of the 'middle'-and 'high'-income respondents. One reason for this observed behaviour may be due to the relationship between income disparity and unequal access to educational opportunities. In countries with a large wealth gap, higher-income families may have better access to educational opportunities (OECD, 2010) . As such, highereducation students, while having low income themselves as individuals, are more likely to come from families of a higher economic status, and thus, their vulnerability and information collection behaviour are similar to those of higherincome respondents. On the other hand, regression analysis found that education may be a better predictor of media usage than income for some media types (particularly online media). Therefore, unequal access to education -rather than income disparity -may be a better perspective for understanding disaster information collection behavior.
Conclusion
In this paper, the impact of income disparity on people's flood vulnerability and information collection behaviour was examined for the case of the 2011 Thai Flood. Key results are summarised as follows: 1. Lower-income respondents were more likely to have been affected by the flood than higher-income respondents because of the locations of their residences. Lowerincome respondents were also more likely to not have evacuated their homes in the case of flood inundation. 2. Television was the most-used media mode regardless of income level. Lower-income respondents were more likely to use 'low'-technology media modes such as radio or loudspeakers in addition to television, whereas higher-income respondents were more likely to use 'high'-technology (online) media modes. Lower-income respondents also utilised fewer media modes on average. 3. Lower-income respondents tended to be less aware of the government hotline but more likely to find it useful in the event they were aware of it. 4. The vulnerability and information collection behaviour of students was similar to that of higher-income respondents despite students generally belonging to a lower income level. 5. While income was a good predictor for examining people's flood vulnerability and hotline usefulness, it was not the best predictor for most media modes or hotline awareness. It was shown that other demographic characteristics must also be considered when improving disaster information dissemination in the future. The results presented here provide valuable information about the people's flood vulnerability and the unique information collection needs of disadvantaged populations, while also demonstrating the difficulty of trying to understand said vulnerability and information needs using just a single demographic characteristic (such as income). The examination of flooding confirmed that lower socio-economic status led to higher vulnerability, which supports previous studies on other types of disasters. However, there are few studies on media usage trends in disaster situations that focus on differences due to socio-economic status; thus, this paper presents new findings that may be highly useful for governments and other stakeholders in diverse countries with high exposure to disaster hazards. Finally, while the connection between proper provision of disaster information and reduction of disaster vulnerability was not fully explored in this investigation, the issues raised in this paper serve as an important starting point for any such future studies.
